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ABSTRACT 


A  method  has  been  developed  to  GalGulate  the  torque  required  to 
spin  a  small  missile  to  a  SpeGified  rotational  veloGityi  The  origin 
of  the  torque  forGes  is  assumed  to  be  a  mechanical  fixture  whigh  uti» 
lizes  the  missile  motor  exhaust  and,  therefore,  operates  as  an  in-flight 
Spin  mechanism.  The  essential  missile  parameters  are  discussed  and  in¬ 
corporated  in  a  mathematiGal  treatment  which  results  in  algebraic  for¬ 
mulae  for  the  calculation  of  torque > 
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INTRODUCTION 


Small  missiles  are  often  stabilized  by  spinning  tbem  about  their 
Ipngitudinal  axis.  For  optinium  design  of  Such  iniSSile  Structures^  the 
torque  required  to  produce  a  given  spin  rate  must  be  know.  The  pur¬ 
pose  of  this  study  is  to  develop  a  method  for  calculating  the  maximum 
torque  necessary  from  an  in-flight  spin  mechanism  to  ptoduce  a  specified 
missile  rotational  velocity. 

in  this  analysis,  it  is  assumed  that  a  known  rotational  velocity  is 
to  be  attained  in  the  time  it  takes  a  missile  to  travel  a  given  distance 
along  its  path.  Torque  forces  act  continuously  during  this  time  and 
are  provided  by  the  exhaust  of  the  motor  used  for  translation.  Thus,  a 
direct  relationship  between  thrust,  torque,  and  translation  is  establish¬ 
ed.  The  torque  is  calculated  in  terms  of  the  known  missile  par^eters: 
initial  mass,  thrust,  propellant  mass  flow  rate,  roll  moment  of  inertia, 
and  their  time  variation. 
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DISCQSSiON 


In  order  to  simplify  the  analysis  and  yet  maintain  enough  generality 
So  that  it  Is  applicable  to  a  large  number  of  cases ^  certain  assumptions 
and  considerations  are  made. 


First j  It  is  assumed  that  the  required  spin  rate  Is  attained  very 
Soon  after  ignition  of  the  missile  motor.  That  ls»  the  missile  simul¬ 
taneously  reaches  a  prescribed  rotational  velocity  and  translational 
distance  within  a  period  of  time  that  is  of  the  same  order  of  magnitude 
as  the  thrust  build-up  tlme^  Thus,  thrust  build-up  time  Is  a  significant 
part  of  the  total  flight  time  in  which  we  are  interested  and  must  be 
considered,  a  linear  variation  is  chosen  for  thrust  during  this  build¬ 
up  period  beGause  it  simplifies  calculation  and,  In  fact,  approximates 
many  actual  motor  thrust-time  traces.  After  build-up  occurs ^  the  thrust 
Is  assumed  to  remain  constant  for  the  duration  of  flight  under  consider¬ 
ation. 

Secondly,  because  propellant  mass  flow  rate  and  thrust  are  directly 
related,  they  should  follow  the  same  form  of  variation.  Therefore,  a 
linear  variation  Is  also  used  for  mass  flow  rate,  it  Is  further  assumed 
that  thrust  and  mass  flow  rate  have  the  same  build-up  period  so  that  they 
reach  maximum  values  at  the  same  time. 


Thirdly,  because  the  Spin  System  IS  to  utilize  the  motor  exhaust 
to  provide  the  torque  forces >  It  Is  assumed  that  torque  has  the  same 
variation  as  thrust  and  mass  flow  rate.  Any  time  lag  between  maximum 
thrust  and  maximum  torque  is  assumed  negligible.  Therefore,  torque  has 
exactly  the  same  build-up  time  as  thrust  and  mass  flow  rate. 

The  assumptions  for  thruSC,  propellant  mass  flow  rate  and  torque  are 
graphleally  illustrated  In  Figure  1.  Note  that  all  three  parameters 
reach  maximum  values  at  time  tj^  and  remain  constant  thereafter. 


m 


m 


Time 


Figure  1.  Net  Thrust.  Net  Torque,  Propellant  Mass  Flow  Rate  Versus  Time 
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In  addition  to  the  above  considerations,  all  resistive  forces, 
such  as  aerodynamic  drag  and  friction  between  launcher  and  missile, 
are  assumed  negligible  and  do  not  enter  into  the  analysis.  Even  though 
resistive  forces  might  be  Significant  in  Some  cases,  no  great  restric¬ 
tion  is  placed  on  the  general  method,  these  forces  could  be  taken  into 
acGOunt,  if  necessary,  by  entering  the  proper  terms  into  the  force  and 
torque  equations  of  the  development  in  Appendices  A  and  b. 

the  mathematical  treatment  results  in  two  equations  for  the  maximum 
torque  required  to  produce  a  given  rotational  velocity,  oi,  during  the 
time  the  missile  travels  a  given  distance,  d.  The  equation  to  be  used 
depends  on  whether  the  time,  t^,  required  for  the  missile  to  teach  the 
predetermined  distance,  d,  is  less  than  or  greater  than  the  torque  build¬ 
up  time,  t^i  if  t^  is  equal  to  ti,  then  either  equation  may  be  used. 
These  equations  are  (38)  and  (42)  in  Appendix  B: 


and 


^max 


2I(£d)  w  (t^) 


if  0  ^  td  §  t^j 


-max 


2l(td3  ^  (£d) 

2td  -  ti 


■r 


(1) 


(2) 


Values  of  torque  other  than  maximum  may  be  found  by  applying  equation 
(37)  or  (42)  in  Appendix  B  for  the  proper  time  interval. 

The  quantity  td>  equations  (1)  and  (2)  above,  is  arrived  at 
through  the  use  of  the  following  two  equations  [ equations  (14)  and  (30) 
in  Appendix  A  ^  s 


s(£) 


A, 


Fc 


2(*c)5 


In 


>/2  .ma  l^  „±,„_t__jS'  ,  g  §  t  i  ti  (3) 
n/2  ffp  ^  ^  W 


8(t) 


Fr  t 


m.. 


+  F, 


j°o  H  '  J  2  mo  * 
2(mg)3  * 


®c  ^1 


+ 


in  I  -  ^  _  _  ] 

(mg)2  \  2  Sg  +  m^  tj^  *  2  Ag  t  / 


t  s  H:  (^) 
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^iflce  aeitfeer  equMion  (3)  nor  (4)  can  be  easily  solved  for  t.  eannoc 
be  found  explicitly 4  This  was  overcome  by  prograniming  the  eqiuations  on  a 
digital  computer.  (Program  in  Appendix  C) .  For  a  given  missile,  the  set 
of  parameters  m^,  m^,  t|,  d,  and  F^  are  known.  Using  these  values  in  the 
program  and  by  incrementing  time  from  zero  to  a  time  greater  than  tj,  the 
computer  will  calculate  and  print  values  of  distance  and  the  elapsed  time. 
Then  if  distance  is  plotted  as  a  function  of  time,  t^  may  be  read  from 
the  graph  With  considerable  accuraey  and  can  be  used  in  equation  (1)  or 


The  roll  moment  of  inertia,  I,  of  a  missile  is  time  dependent  and 
factors  such  as  missile  configuration,  propellant  grain,  and  mass  flow 
rate  should  be  taken  into  consideration  when  calculating  1  at  a  given 
time.  I(t^),  in  equations  (1)  and  (2),  is  the  moment  of  inertia  at  time 
t.  and  must  be  found  by  a  separate  calculation.  Formulae  for  mass  moment 
of  inertia  may  be  found  in  handbooks  and  the  method  of  decomposition  can 
be  used  to  calculate  the  moment  of  inertia  of  the  given  missile. 

in  the  torque  equations,  is  the  predetermined  angular  velocity 
to  be  attained  by  the  missile  in  time  t^.  This  value  of is  assumed 
known  for  a  given  ease.  Therefore,  all  values  in  equations  (1)  and  (2) 
are  known.  The  maximuffl  torque  can  then  be  found  by  performing  the 
indicated  mathematical  operations. 

Appendix  D  presents  an  application  of  the  method  to  an  example 
problem. 


4 


APPENDIX  A 

EQUATIONS  OF  TRANSLATIONAL  MOTION 

the  following  curves  represeftr  gfAphically  rhe  assiffllied  time 
variation  of  thrustj  propellant  inass  flow  ratej  rate  of  change  of 
the  mass  of  the  missile^  and  the  mass  of  the  missile: 


F(t) 

/ 


“  time 


Figure  2.  thrust  Versus  time 


ill 


Time 


(a)  Propellant  Mass  Flow  Rate  Versus  Time 

(b)  Rate  of  Change  of  Missile  Mass  Versus  Time 


tn 


i  :  ^  ^  -  -Time 

Figure  4^  Missile  Mass  Versus  time 


From  Newton's  second  law  of  motion.  Me  have 


In  the  present  application,  both  F  and  m  are  time  dependent  as  shown 
in  Figures  2  and  4,  respectively.  For  the  time  interval  o  ^  t  <  t^ 
in  Figure  2, 

F(t;)--f^Fc.  (6) 

Using  equation  (6)  in  equation  (5),  it  follows  that 
m(t)v  t  F  ^ 

Jd(mv)  -  jF(t)dt  ^  Jtdt;  (7) 

o  o  ®l  o 

or  after  integrating, 
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to  evaluate  the  quantity  m(t)^  Oohsider  curve  h  of  Figure  3  over 
the  time  interval  o  <  t  <  tit  ^e  rate  of  change  of  the  mass  of  the 
missile  is  given  by 


m 


(9) 


Then^  by  separating  variables  and  integrating  we  obtain 


or 

m(t)  =  mo  *  mo  (11) 


m^ 


dm 


mr 


this  is  the  ejqtression  for  the  mass  of  the  missile  at  any  time  t  in 
this  time  intervals  combining  equation  (11)  with  equation  (8)  gives 


jds 

dt 


Fet2 


-  Aot^  ’ 

which  is  the  equation  of  velocity  in  the  time  interval  o  <  t  ^  tf* 

the  equation  for  distance  as  a  function  of  time  is  found  by 
separating  variables  in  equation  (12)  and  integrating  as  follows: 


(12) 


dt 


or 


s(t)  Fg 


After  rearranging,  equation  (13) 


becomes 

V2moti  4^  t 
Vzopti  ^  t 


(13) 


(14) 


Equation  (14)  is  the  relationship  between  distance  and  time  in  the 
interval  o  %  t'<  ti*  when  t  "  tl,  equation  (14)  becomes 


s(t)  s  8(ti) 


Fcti  .  „  /  inoti  ,  v^otr+  eiV^ 

"S"  +  FcW  In  .  (15) 

nViT 
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(16) 


For  the  time  iiitefv&l  t  2  tj  In  Figure  2, 

F(t)  ^  Fe. 

Using  equation  (16)  in  equation  (5)j  it  follows  that 


m( t) V  t  t 

ifd(mv)  =  f  F(t)de  »  Fc  f  dt; 
m(tl)v(tl)  tl 


or 


m(t)v  Fg(t  -  tl)  +  m(tl)v(tl). 

From  GufVe  b  Of  Figure  3  over  the  time  Interval  t  ^  ti, 
jdffl 


m 


dt 


(18) 


(19) 


Ihus, 


m(t) 
fdffl  = 
“(tl) 


me  J  dt; 

tl 


(20) 


m(t)  ^  ®(tl)  ^  ftc  (t  ^  tl)*  (21) 

the  value  m(tl),  in  equation  (21),  can  be  found  from  equation  (11)  by 
setting  t  *  tl.  This  gives 

m(ti)  =  tpo  ^  ^  .  (22) 

Substituting  this  quantity  into  equation  (21)  and  simplifying,  we 
obtain 

m(t)  ^  mo  +  me  ^  Uct  ,  (23) 


which  is  the  equation  for  the  mass  of  the  missile  at  any  time  t  in 
the  interval  t  >  tl. 


By  combining  equation  (23)  with  equation  (18)  and  rearranging  we 
arrive  at 


ds  ,  Fc(t  ^  tl)  +  m(ti)v(ti) 

dTt  ,  Vi 

Bo  +  ^ 


(24) 


8 


The  faceor  m(£l)v(tl)  can  be  evaluated  by  taking  the  produet  ef 
equations  (22)  and  (12)  with  t  ■  t|i  This  gives 


m(tl)v(tl)  = 


have 


Finally,  when  equation  (25)  is  combined  with  equation  (24)^  we 


JLs_ 

dt 


Fct 


Feel 


mo  + 


met 


Which  is  the  equation  of  velocity  in  the  time  interval  t  >  tj_i 

NoWj  for  convenience  of  handling  equation  (26)^  set  the  constant 
mctl 


p  =  mo  + 


(27) 


Then,  after  separating  variables  and  substituting  equation  (27)  into 
equation  (26),  we  obtain 


ds 


tdtt 


Fetidt 


p  ^  mot 


?  -  fflee) 


The  equation  for  distance  as  a  function  of  time  in  the  interval 
t  ^  ti  is  found  from  equation  (28)  by  integrating  distance  from 
s(ti)  to  s  (t)  and  time  from  tj,  to  t.  This  gives 


s(t)  s(ti)  »  F< 


[-4. 

I  ®c 


P  .  ^1 

(mc)^  “g 


(®c)' 


In  (p  ^ 


Fctl 

2^ 


^  In  (p 


+  In  (p  *  mctl) 


I 


Now,  by  adding  eqt^tion  (15)  to  both  sides  of  equation  (29), 
substituting  (27)  into  (29),  and  simplifyin|g,  we  have 


s(t) 


Fct 


In 


(2mo  «  mptl  1 

2mo  +  tt*ctl  “  2mct  / 


+  F, 


/  Botl 

V  2(ioF 


2mo  +ymctl 
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This  efuatlon  gives  the  distance  tfraveled  by  the  missile  beyond 
S(tl)  In  time  ti  where  t  >  tjs 

The  acGeleratlon  term  for  the  time  Interval  0  <  t  ^  tj^,  Is 
Obtained  by  differentiating  equation  (12)  with  respect  t^o  tlmCi 
This  gives 

^  ^  d^s  ^  AFcmptit 

dt^  (2mQt|  *  rngt^)^ 

Similarly,  differentiation  of  equation  (26)  gives  the  acceleration 
term  for  the  time  Interval  t  >  ti^  The  result  is 


APPENDIX  B 

EMAtlONS  Qf  ROTATIONAL  MOTION 

Equations  for  caleulaEing  the  torque  necessary  to  produce  a 
given  rotational  velocity  during  the  time  a  missile  has  traversed 
a  given  distance ^  di  are  developed  in  this  appendix^  The  assumed 
time  history  of  the  applied  torque  is  given  in  Figure  5. 


T 


From  the  rotational  analog  of  Newton's  second  law,  we  have 


dt 


or 


Tdt  *  d(l«). 

For  the  case  shown  in  Figure  5,  torque,  in  the  time  interval  o  <  t  <  t^, 
is  given  by 


’t. 


(34) 


By  substituting  equation 

t  I(t)  fa<t) 


into  equation  (33),  we  obtain 


rtdt  ■  f 
tl  i 
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dr,  alter  performing  Ehe  Integration  and  rearrangingi  equation  (35) 
gives 


2tll(t)  oj  (t) 
t2 


(36) 


then^  substituting  equation  (3'6)  into  equation  (34), 

i(t)  .  Jmalii.. 

t 


(37) 


which  is  the  expression  for  torque  at  any  time  t  when  0  <  t  tj. 

Now,  it  is  seen  that  If  O  <  t  =  td  <  ti  in  Figure  5,  then 
f(t)  =  T(td)  =  Tjnax*  Thus,  from  equation  (37),  the  maximum  torque 
that  must  be  reached  In  time  td  to  provide  a  rotational  velocity, 
w (td) ,  is  given  by 


Tmax 


2t(_td)  a)X  td) 
td 


(38) 


if  0  <  td  <  ti  and  torque  varies  as  in  Figure  5. 

For  the  time  interval  t  <  ti, 

T(t)  *=  Tg.  (39) 

Applying  equation  (33)  to  this  case  and  including  the  effect  of  torque 
throughout  the  interval  o  <  t  <  tj,  we  obtain 

X  t  l(t)w(t) 

ftdt  +  Tc  /  dt  *  fd(Iw)  (40) 

o  ti  o 


After  performing  the  integration  and  rearranging,  we  have 

Tj,  ^  .  (41) 

2t  -  ti 

Now,  it  is  seen  that  if  t  =  td  >  ti  in  Figure  5,  then 
T(t)  ^  Tc  ~  Tnvax^ 

Thus,  from  equation  (41),  the  maximum  torque  that  must  be  reached  in 
time  td  to  provide  a  rotational  velocity  w(td)  is  given  by 


T(  t)  ^  Tpiax  - 


21  (td)  w(td) 


2td  *  tj 

if  td  §  tj,  and  torque  varies  as  in  Figure  5, 
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(42) 


APPENDIX  C 


IBM  1620  FORTRAN  CQMgllfER  PROGRAM 


TM  purpose  of  Chis  program  is  to  obtain  data  for  plotting 
translational  distanoei  velocity,  and  acGeleration  as  functions  Of 
timOi  the  plot  of  distance  versus  time  may  be  used  for  finding  14 
as  Outlined  in  the  DISCUSSION i  The  velocity  and  acceleration  plots 
are  not  used  in  the  method  for  calculating  torque  and  are  included 
only  for  completeness. 

Equations  expressing  the  relationship  of  distance,  velocity, 
and  acceleration  with  time  are  taken  from  Appendix  A^  They  are  as 
follows; 


For  the  time  interval  o  <  t  §  ti. 


s(t) 


IcL  / 

«bti  . 

V^mptl  +  t 

l/mp 

(14) 

"  me  cy' 

2(mc)3 

y2motl  »  t 

Vbc 

Fet2 

. . . . 

2moti  ^  mpt 

(12) 

AFcaptlt 

(31) 

(Zfflotl  «  mpt^)^ 

And  for  the  time 

interval  t 

>  ti. 

.  .  Fpt  Fc'%>  ,  (  **  ftcfel  \ 

*  ^  fic  ^  (icT^  ”  y  2mp  +  mctl  ^  2mct  / 

♦  Fey/- 


Botl  2mp  +V  ®ctl 

In 


2(me)3  ^2mp  •'^i^ti 

Fctl 

let  -  ”  2  ' 


Bp  + 


(30) 


(26) 


*  Bet 


a 


^Fc®o 

(2mp  +  ftctl  *•  2met)^ 


(32) 
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The  cGfflputteir  program  is  wriceen  in  Fortran  language  with  format 
oontrol  and  intended  for  use  ©n  an  IBM  1620  digital  oomputer  with  type¬ 
writer  output  Gapability.  Since  it  is  desirahle  to  have  the  print  out 
data  in  conventional  form,  all  quantities  are  programmed  in  floating 
point  mode.  The  following  floating  point  symbols  are  used: 


A  = 
I  = 
T  = 
X  = 
D  = 
SD  = 


ffi_ 

C 

t 

t. 


Db 

bx 

bT 

bMAX 

TMAX 


increment  of  b 
increment  of  X 
increment  of  T 
maximum  b 
maximum  T 


To  allow  investigation  of  several  cases  for  one  missile  eonfiguration, 
the  program  requires  that  input  data  include  values  for  inGrementing  net 
thrust,  DTj  and  net  thrust  butld-up  time,  Db.  These  values  are  set  equal 
to  zero  when  only  one  case  is  Considered.  Also,  input  data  must  include 
the  maximum  thrust  build-up  time,  IMAX,  and  the  maximum  thrust,  TMAX,  that 
is  to  be  GOnstdered  for  a  single  Configuration.  For  proper  program  oper¬ 
ation,  bX,  the  time  increment  at  which  calculations  are  to  be  made,  must 
be  of  such  value  that  a  multiple  of  DX  equals  D.  Other  input  data  may  be 
determined  by  comparing  the  REAb  statements  of  the  program  to  the  above 
list  of  floating  point  symbols,  sense  Switch  "One"  is  programmed  "on"  to 
permit  a  complete  change  of  input  data  corresponding  to  a  change  in  missile 
configuration. 


Control  statements  are  written  into  the  program  so  that  the  computer 
automatically  selects  the  correct  equation  for  calculating  distance,  veloc¬ 
ity,  and  acceleration.  This  is  done  by  checking  the  total  elapsed  time 
against  the  build-up  time  after  each  time  increment,  bX,  has  been  added, 
if  t  -  tj^  and  s  S  d,  the  program  will  make  calculations  using  equations 
(14),  (12), and  (31)  of  Appendix  A.  If  s  >  d  at  some  point  in  the  time 
interval  o  ^  t  S  tj^,  the  computer  will  Stop.  If,  however,  s  d  when 
t  ^  t]^,  the  computer  will  begin  calculating  with  equations  (30),  (26),  and 
(32)  of  Appendix  A,  and  continue  operation  until  the  condition,  s  ^  d  +  2  feet, 
is  satisfied. 


Data  output  of  thrust,  thrust  build-up  time,  elapsed  time,  distance, 
velocity,  and  acceleration  is  printed  in  colunmar  form.  Column  headings 
are  automatically  printed  out  by  the  computer  typewriter.  A  copy  pf  the 
complete  prolgram  follows; 
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DT  MUSI  ns  CF  SUCH  VALUE  THAT  A  MULTIPLE  CF  DT  FQHALS 

D  . 

149  FORMAT (49H  TIME  DISTANCE  VELOCITY  ACCELlR 

AT  I  ON  ) 

150  F0RmT(F7.4,F7.4,F9.2,F7.2,F6,3,F9.3) 

151  F0RMAT(r6.3,F5.3,F5.3,F5.3,F9.2) 

152  FORMAT (F9. 2) 

153  FORMAT (F5, 3) 

154  FORMAT (F1 1 .4, F1 1 .4,F13.4,F14.4) 

156  FORMAT (F9. 2, FI  2. 2) 

25  read  150,X,DX,T,DT,A  ,SD 
READ  1 5 1 , R , D , DD , DMAX , TMAX 
4  PRINT  152,T 
3  PRINT  153,D 
PRINT  149 
2  \/0=T’*^X^^X 

VR=  2.0*D*A  -  B*X*X 
V0=  VO/VR 
AC=  4.0*D*A*T*X 
AC=AC/(VR*VK) 

E=(2.*A)*D 

E^E**.5 

F=X*(R**.5) 

G=(F.+  F)/(E-^F) 

I F(G)9,9,22 
9  PRINT  156>T,T 
GO  TO  12 
22  G=LOG(G) 

H=(A*D)/(2.*(D^'*3  J) 

H=H**.5 

SA-4-T*X/r.+T^(H*G) 

IF(X-D)8,7,7 

7  PRINT  154,X,SA,V0,AC 
1F(SA^SD)90,90,60 

8  PRINT  154,X,SA,VC,AC 
SS-SD+2.0 
1F(SA=SS)12,60,60 

12  X=X+DX 
GO  TO  2 

90  \/Z=  (2.0*T*X)  -  (T*D) 

VY=  2.0’*''A  +  R*D  *  2.0*B*X 

VZ=  VZ/VY 

EC=4.0^'A*T 

EB=VY*-VY 

EC=  EC/En 

S=T*(D«X)/B 

P= ( 2 ) / ( 2 .*A+B*0«2 .*B*X ) 

P=LOG(P) 

S=S+(T*A/P**2. )*P+SA 
IF(SENSC  SWITCH  T)25,21 
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21  PniMT  I54,x,s,vz,ec 
IF(S-SS)S0,60,60 
50  X=X+DX 
GC  TC  90 

60  IF(D-niMAX)40,30,|0 
40  D=D+DD 
X=0.0 


GC  TC  3 

30  I  F  ( T- TMA  X ) 200 ,100,100 
200  T=T+0T 

D=D“DMAX+nD 
X=0.0 
GC  TC  4 
100  PAUSE 
GC  TC  25 
END 
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APPENDIX  B 
AN  ILLUSTRATIVE  EXAhffiLE 


To  illiastrate  the  method  for  Gomputiiag  the  maxlmiam  value  of  torque 
required  of  an  in-flight  spin  mechanism  in  producing  a  certain  distance 
dependent  missile  spin  ratej  the  following  example  Is  presented; 

PROBLEM: 


A  missile,  with  an  initial  mass  of  OsM?  slugs,  must  be  aeGelerated 
to  an  angular  velocity  of  800  radians  per  second  in  the  time  required  for 
the  missile  to  travel  3  2/3  feet  from  the  static  position  on  its  launcher 
The  motor  supplies  a  constant  net  thrust  of  4208  pounds  after  a  linear 
build-up  in  0i02  seconds »  The  propellant  mass  flow  rate  reaches  a  value 
of  0.545  slugs  per  second  in  0.02  seconds  and  remains  constant  thereafter 
Determine  the  maximum  torque  necessary  to  produce  the  required  angular 
velocity . 

SOLUTION; 


The  given  data  is ; 
iSq  ^  0.327  slugs 
m^,  =  0.545  Slugs /sec 
d  =  3.667  feet 


Fg  ^  4208  pounds 

tj^  ^  0.02  seconds 

Ktd)“  500  radians /sec 


The  computer  program  in  Appendix  C  may  be  employed  to  obtain  the  data 
listed  In  Table  I.  A  plot  of  the  distance  versus  time  values  yields  the 
curve  of  Figure  6. 


TABLE  L 


1620  C^tJfER  MTA  PRINTOUT  FOR  EXAMPLE  PROBLEM 


Fg  =  4208  pound' 

=  .020  seeonds 


Time  (sec) 

DlseMce  (ft) 

ve l_6city  ( £ t / 8 e e ) 

AG:ee_l^rjLt  i  on 

.0000 

.0000 

.0000 

.0000 

.0025 

.0015 

2.0112 

1609.4007 

.0050 

.0133 

8.0512 

3223.8381 

.0075 

.0452 

18.1388 

4848.3880 

.0100 

.1074 

32.3058 

6488.2065 

.0125 

.2101 

50.5969 

8148.5689 

.0150 

.  3639 

73.0703 

9834.9162 

.0175 

.5791 

99.7979 

11552.8960 

.0200 

.8665 

130.8661 

13308.4190 

.0200 

.8665 

130.8661 

13308.4180 

.0225 

1.2353 

164.2787 

13421.9220 

.0250 

1.6881 

197.9769 

13536.8850 

.0275 

2.2253 

231,9644 

13653 , 3300 

.0300 

2.8478 

266.2448 

13771,2850 

.0325 

3.5568 

300.8221 

13890,7750 

.0350 

4.3523 

355.7000 

14011,8270 

.0375 

5.2353 

370,8825 

14134.4690 

,0400 

6,2071 

406.3737 

14258.7270 

(fn/see^) 
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6 


Tran^lstlonal  Distance  Versas  Tlige 


The  titae^  required  for  the  missile  £0  £ravel  £he  disEanoe  d, 
can  be  read  from  £he  absissa  of  Figure  6  as  id328  seconds ^  Since  this 
value  of  £^  is  greater  than  (.02  seconds) ^  equation  (41)  in  Appendix 
8  is  used  £0  compute  the  maximum  torque: 


‘^max 


2  I(td)  a,(td) 

2  tj  ^  £1 


In  prac£ice^  the  moment  of  iner£ia,  I(£^),  must  be  calculated 
before  equation  (41)  can  be  applied.  This  will  require  a  knowledge 
of  the  missile  configuration,  propellant  grain,  mass  flow  rate,  and 
other  pertinent  factors.  To  complete  the  example^  assume  that  the 
calculation  gives  I(tjj)  •  2.458  x  10“^  slug  -ft^.  Then,  applying 
equation  (41), 


max 


2  (2.458  X  10*^  slug  ft^)  (800  rad/sec) 
2  (»d328  Sec)  -  .02  Sec 


^max  “  86.245  ft*lbs.  1035  inch^lbs, 


which  is  the  maximum  torque  necessary  to  produce  a  spin  rate  of  800 
rad/sec  for  this  hypothetical  missile. 
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mSTMBtJTiON 

U.  S.  Army  Missile  Command  Distribution  List  A 

for  TechniGal  Reports  (2  january  1963)  (88) 

AMGPM=FA 

=HA 

-ME 

-MA 

-MB 

-PE 

-iE 

-ZE 

AMSMl-R.  Mr.  McDaniel 
-R1  (5) 

-RE 
-RF  (2) 

-RFE,  Mr.  Risse 

-RG 

-RK 

-RL 

-RR 

-RS  (3) 

-RSD 

-RSE 

-RSM 

«RSS,  Mr.  Pettey 
-RSS,  Mr.  Peck 
-RST  (9  ) 

,Rf 

-RAP 
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